Aims. We study the close environment of nearby Cepheids using high spatial resolution observations in the mid-infrared with the VLTI/MIDI instrument, a two-beam interferometric recombiner. Methods. We obtained spectra and visibilities for the classical Cepheids X Sgr and T Mon. We fitted the MIDI measurements, supplemented by B, V, J, H, K literature photometry, with the numerical transfer code DUSTY to determine the dust shell parameters. We used a typical dust composition for circumstellar environments. Results. We detect an extended dusty environment in the spectra and visibilities for both stars, although T Mon might suffer from thermal background contamination. We attribute this to the presence of a circumstellar envelope (CSE) surrounding the Cepheids. This is optically thin for X Sgr (τ 0.55µm = 0.008), while it appears to be thicker for T Mon (τ 0.55µm = 0.15). They are located at about 15-20 stellar radii. Following our previous work, we derived a likely period-excess relation in the VISIR PAH1 filter, f 8.6 µm [%]= 0.81(±0.04)P[day]. We argue that the impact of CSEs on the mid-IR period-luminosity (P-L) relation cannot be negligible because they can bias the Cepheid brightness by up to about 30 %. For the K-band P-L relation, the CSE contribution seems to be lower (< 5 %), but the sample needs to be enlarged to firmly conclude that the impact of the CSEs is negligible in this band.
Introduction
A significant fraction of classical Cepheids exhibits an infrared excess, that is probably caused by a circumstellar envelope (CSE). The discovery of the first CSE around the Cepheid Car made use of near-and mid-infrared interferometric observations . Similar detections were subsequently reported for other Cepheids (Mérand et al. 2007 Barmby et al. 2011; Gallenne et al. 2011) , leading to the hypothesis that maybe all Cepheids are surrounded by a CSE.
These envelopes are interesting from several aspects. Firstly, they might be related to past or ongoing stellar mass loss and might be used to trace the Cepheid evolution history. Secondly, their presence might induce a bias to distance determinations made with Baade-Wesselink methods and bias the calibration of the IR period-luminosity (P-L) relation. Our previous works (Gallenne et al. 2011; Mérand et al. 2007 Mérand et al. , 2006 ; Kervella et al. 2006) showed that these CSEs have an angular size of a few stellar radii and a flux contribution to the photosphere ranging from a few percent to several tens of percent. While in the near-IR the CSE flux emission might be negligible compared with the photospheric continuum, this is not the case in the mid-and far-IR, where the CSE emission dominates (Gallenne et al. 2011; Kervella et al. 2009 ).
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Based on observations made with ESO telescopes at Paranal observatory under program ID 082. D-0066 Interestingly, a correlation starts to appear between the pulsation period and the CSE brightness in the near-and mid-IR bands: long-period Cepheids seem to show relatively brighter CSEs than short-period Cepheids, indicating that the mass-loss mechanism could be linked to stellar pulsation (Gallenne et al. 2011; Mérand et al. 2007) . Cepheids with long periods have higher masses and larger radii, therefore if we assume that the CSE IR brightness is an indicator of the mass-loss rate, this would mean that heavier stars experience higher mass-loss rates. This behavior could be explained by the stronger velocity fields in longer-period Cepheids and shock waves at certain pulsation phases (Nardetto et al. 2008 (Nardetto et al. , 2006 . Studying this correlation between the pulsation period and the IR excess is vital for calibrating relations between the Cepheid' fundamental parameters with respect to their pulsation periods. If CSEs substantially influence the observational estimation of these fundamental parameters (luminosity, mass, radius, etc.) , this a correlation will lead to a biased calibration. It is therefore essential to continue studying and characterizing these CSEs and to increase the statistical sample to confirm their properties.
We present new spatially resolved VLTI/MIDI interferometric observations of the classical Cepheids X Sgr (HD 161592, P = 7.01 days) and T Mon (HD 44990, P = 27.02 days). The paper is organized as follows. Observations and data reduction procedures are presented in Sect. 2. The data modeling and results are reported in Sect. 3. In Sect. 4 we address the possible Notes. θ UD is the uniform disk angular diameter, f W3 denotes the WISE flux (Wright et al. 2010) in the W3 filter at 11.6 µm, while f Cohen stands for the 12 µm monochromatic flux from Cohen et al. (1999) .
relation between the pulsation period and the IR excess. We then discuss our results in Sect. 5 and conclude in Sect. 6.
VLTI/MIDI observations

Observations
The observations were carried out in 2008 and 2009 with the VLT Unit Telescopes and the MIDI instrument (Leinert et al. 2003) . MIDI combines the coherent light coming from two telescopes in the N band (λ = 8 − 13 µm) and provides the spectrum and spectrally dispersed fringes with two possible spectral resolutions (R = ∆λ/λ = 30, 230). For the observations presented here, we used the prism that provides the lowest spectral resolution. During the observations, the secondary mirrors of the two Unit Telescopes (UT1-UT4) were chopped with a frequency of 2 Hz to properly sample the sky background. MIDI has two photometric calibration modes: HIGH_SENS, in which the flux is measured separately after the interferometric observations, and SCI_PHOT, in which the photometry is measured simultaneously with the interferences fringes. These reported observations were obtained in HIGH_SENS mode because of a relatively low thermal IR brightness of our Cepheids. To remove the instrumental and atmospheric signatures, calibrators of known intrinsic visibility were observed immediately before or after the Cepheid. They were chosen from the Cohen et al. (1999) catalog, and are almost unresolved at our projected baselines (V > 95 %, except for HD 169916, for which V = 87 %). The systematic uncertainty associated with their a priori angular diameter error bars is negligible compared with the typical precision of the MIDI visibilities (10-15 %). The uniform-disk angular diameters for the calibrators as well as the corresponding IRAS 12 µm flux and the spectral type are given in Table 1 .
The log of the MIDI observations is given in Table 2 . Observations #1, #2, and #5-#10 were not used because of low interferometric or/and photometric flux, possibly due to a temporary burst of very bad seeing or thin cirrus clouds.
Data reduction
To reduce these data we used two different reduction packages, MIA and EWS 1 . MIA, developed at the Max-Planck-Institut für Astronomie, implements an incoherent method where the power spectral density function of each scan is integrated to obtain the squared visibility amplitudes, which are then integrated over time. EWS, developed at the Leiden Observatory, is a coherent analysis that first aligns the interferograms before co-adding 1 The MIA+EWS software package is available at http://www.strw.leidenuniv.nl/∼nevec/MIDI/index.html. Notes. MJD is the modified Julian date, φ is the pulsation phase at the time of the observations, B p is the projected baseline length, PA is the position angle of the projected baseline (from east to north), and AM is the airmass.
them, which result in a better signal-to-noise ratio of the visibility amplitudes. The data reduction results obtained with the MIA and EWS packages agree well within the uncertainties. The choice of the detector mask for extracting the source spectrum and estimating the background can be critical for the data quality. The latest version of the software uses adaptive masks, where shifts in positions and the width of the mask can be adjusted by fitting the mask for each target. To achieve the best data quality, we first used MIA to fit a specific mask for each target (also allowing a visual check of the data and the mask), and then applied it in the EWS reduction.
Photometric templates from Cohen et al. (1999) were employed to perform an absolute calibration of the flux density. We finally averaged the data for a given target. This is justified because the MIDI uncertainties are on the order of 7-15 % (Chesneau 2007), and the projected baseline and PA are not significantly different for separate observing dates. The uncertainties of the visibilities are mainly dominated by the photometric calibration errors, which are common to all spectral channels ; we accordingly chose the standard deviation over a 1 µm range as error bars.
Flux and visibility fluctuations between datasets
MIDI is strongly sensitive to the atmospheric conditions and can provide mis-estimates of the thermal flux density and visibility. This can be even worse for datasets combined from different observing nights, for instance for T Mon in our case. Another source of variance between different datasets can appear from the calibration process, that is, from a poor absolute flux and visibility calibration. In our case, each Cepheid observation was calibrated with a different calibrator (i.e., #3-4 and #11-12 for T Mon and #13-14 and #15-16 for X Sgr), which enabled us to check the calibrated data.
To quantify the fluctuations, we estimated the spectral relative variation for the flux density and visibility, that is, the ratio of the standard deviation to the mean value for each wavelength between two different calibrated observations. For X Sgr, the av-erage variation (over all λ) is lower than 5 % on the spectral flux and lower than 1.5 % on the visibility. This is a sightly higher for T Mon because the data were acquired on separate nights ; we measured an average variation lower than 8 % on the spectral flux and lower than 4 % on the visibility.
Circumstellar envelope modeling
Visibility and spectral energy distribution
The averaged calibrated visibility and spectral energy distribution (SED) are shown with blue dots in Figs. 2 and 3. The quality of the data in the window 9.4 < λ < 10 µm deteriorates significantly because of the water and ozone absorption in the Earth's atmosphere. Wavelengths longer than 12 µm were not used because of low sensitivity. We therefore only used the spectra outside these wavelengths.
The photosphere of the stars is considered to be unresolved by the interferometer (V > 98 %), therefore the visibility profile is expected to be equal to unity for all wavelengths. However, we noticed a decreasing profile for both stars. This behavior is typical of emission from a circumstellar envelope (or disk), where the size of the emitting region grows with wavelength. This effect can be interpreted as emission at longer wavelengths coming from cooler material that is located at larger distances from the Cepheid than the warmer material emitted at shorter wavelengths. Kervella et al. (2009) previously observed the same trend for Car and RS Pup.
Assuming that the CSE is resolved by MIDI, the flux contribution of the dust shell is estimated to be about 50 % at 10.5 µm for T Mon and 7 % for X Sgr. It is worth mentioning that the excess is significantly higher for the longer-period Cepheid, T Mon, adding additional evidence about the correlation between the pulsation period and the CSE brightness suspected previously (Gallenne et al. 2011; Mérand et al. 2007 ).
The CSE is also detected in the SED, with a contribution progressively increasing with wavelength. Compared with Kurucz atmosphere models (Castelli & Kurucz 2003 , solid black curve in Fig. 2 and 3 ), we notice that the CSE contribution becomes significant around 8 µm for X Sgr, while for T Mon it seems to start at shorter wavelengths. The Kurucz models were interpolated at T eff = 5900 K , log g = 2 and V t = 4 km s −1 for X Sgr (Usenko et al. 2012 ). For T Mon observed at two different pulsation phases, the stellar temperature only varies from ∼ 5050 K (φ = 0.33) to ∼ 5450 K (φ = 0.12), we therefore chose the stellar parameters T eff = 5200 K , log g = 1, and V t = 4 km s −1 (Kovtyukh et al. 2005) for an average phase of 0.22. This has an effect of a few percent in the following fitted parameters (see Sect. 3.4.2) .
Given the limited amount of data and the lack of feature that could be easily identified (apart from the alumina shoulder, see below), the investigation of the dust content and the dust grains geometrical properties is therefore limited by the high level of degeneracy. We restricted ourself to the range of dust compound to the refractory ones or the most frequently encountered around evolved stars.
The wind launched by Cepheids is not supposed to be enriched compared with the native composition of the star. Therefore, the formation of carbon grains in the vicinity of these stars is highly unprobable. The polycyclic aromatic hydrocarbons (PAHs) detected around some Cepheids by Spitzer/IRAC and MIPS have an interstellar origin and result from a density enhancement at the interface between the wind and the interstellar medium that leads to a bow shock (Marengo et al. 2010b) . It is noteworthy that no signature of PAHs is observed in the MIDI spectrum or the MIDI visibilities (see Fig. 2 and 3) .
The sublimation temperature of iron is higher than that of alumina and rapidly increases with density. Hence, iron is the most likely dust species expected to form in dense (shocked) regions with temperatures higher 1500 K (Pollack et al. 1994) . Moreover, alumina has a high sublimation temperature in the range of 1200-2000 K (depending of the local density), and its presence is generally inferred by a shoulder of emission between 10 and 15 µm (Chesneau et al. 2005; Verhoelst et al. 2009 ). Such a shoulder is identified in the spectrum and visibility of X Sgr, suggesting that this compound is definitely present. Yet, it must be kept in mind that the low aluminum abundance at solar metallicity prevents the formation of a large amount of this type of dust. No marked shoulder is observed in the spectrum and visibilities from T Mon, which is indicative of a lower content. The silicates are easily identified owing to their signature at 10 µm. This signature is not clearly detected in the MIDI data.
Radiative transfer code: DUSTY
To model the thermal-IR SED and visibility, we performed radiative transfer calculations for a spherical dust shell. We used the public-domain simulation code DUSTY (Ivezic & Elitzur 1997; Ivezic et al. 1999) , which solves the radiative transfer problem in a circumstellar dusty environment by analytically integrating the radiative-transfer equation in planar or spherical geometries. The method is based on a self-consistent equation for the spectral energy density, including dust scattering, absorption, and emission. To solve the radiative transfer problem, the following parameters for the central source and the dusty region are required:
-the spectral shape of the central source's radiation, -the dust grain properties: chemical composition, grain size distribution, and dust temperature at the inner radius, -the density distribution of the dust and the relative thickness, and -the radial optical depth at a reference wavelength.
DUSTY then provides the SED, the surface brightness at specified wavelengths, the radial profiles of density, optical depth and dust temperature, and the visibility profile as a function of the spatial frequency for the specified wavelengths.
Single dust shell model
We performed a simultaneous fit of the MIDI spectrum and visibilities with various DUSTY models to check the consistency with our data. The central source was represented with Kurucz atmosphere models (Castelli & Kurucz 2003) with the stellar parameters listed in Sect. 3.1. In the absence of strong dust features, we focused on typical dust species encountered in circumstellar envelopes and according to the typical abundances of Cepheid atmospheres, that is, amorphous alumina (Al 2 O 3 compact, Begemann et al. 1997) , iron (Fe, Henning et al. 1995) , warm silicate (W-S, Ossenkopf & Henning 1994) , olivine (MgFeSiO 4 , Dorschner et al. 1995) , and forsterite (Mg 2 SiO 4 , Jäger et al. 2003) . We present in Fig. 1 the optical efficiency of these species for the MIDI wavelength region. We see in this plot for instance that the amorphous alumina is optically more efficient around 11 µm. We also notice that forsterite, olivine, and warm silicate have a similar optical efficiency, but as we cannot differentiate these dust species with our data, we decided to use warm silicates only.
Article number, page 3 of 9 A&A proofs: manuscript no. 22257main We used a grain size distribution following a standard Mathis-Rumpl-Nordsieck (MRN) relation (Mathis et al. 1977) , that is, n(a) ∝ a 3.5 for 0.005 a 0.25 µm. We chose a spherical density distribution in the shell following a radiatively driven wind, because Cepheids are giant stars and might lose mass via stellar winds (Neilson & Lester 2008) . In this case, DUSTY computes the density structure by solving the hydrodynamics equations, coupled to the radiative transfer equations. The shell thickness is the only input parameter required. It is worth mentioning that we do not know the dust density profile in the Cepheid outflow, and we chose the hydrodynamic calculation in DUSTY as a good assumption.
For both stars, we also added B, V, J, H and K photometric light curves from the literature to our mid-IR data to better constrain the stellar parameters (Moffett & Barnes 1984; Berdnikov 2008; Feast et al. 2008 for X Sgr, Moffett & Barnes 1984; Coulson & Caldwell 1985; Berdnikov 2008; Laney & Stoble 1992 for T Mon). To avoid phase mismatch, the curves were fitted with a cubic spline function and were interpolated at our pulsation phase. We then used these values in the fitting process. The conversion from magnitude to flux takes into account the photometric system and the filter bandpass. During the fitting procedure, all flux densities < 3 µm were corrected for interstellar extinction A λ = R λ E(B − V) using the total-to-selective absorption ratios R λ from Fouqué et al. (2003) and Hindsley & Bell (1989) . The mid-IR data were not corrected for the interstellar extinction, which we assumed to be negligible.
The free parameters are the stellar luminosity (L ), the dust temperature at the inner radius (T in ), the optical depth at 0.55 µm (τ 0.55µm ), and the color excess E(B − V). Then we extracted from the output files of the best-fitted DUSTY model the shell internal diameter (θ in ), the stellar diameter (θ LD ), and the mass-loss ratė M. The stellar temperature of the Kurucz model (T eff ), the shell's relative thickness and the dust abundances were fixed during the fit. We chose R out /R in = 500 for the relative thickness as it is not constrained with our mid-IR data. The distance of the star was also fixed to 333.3 pc for X Sgr (Benedict et al. 2007 ) and 1309.2 pc for T Mon (Storm et al. 2011 ). 
Results
X Sgr
The increase of the SED around 11 µm made us investigate in the direction of a CSE composed of Al 2 O 3 material, which is optically efficient at this wavelength. After trying several dust species, we finally found a good agreement with a CSE composed of 100 % amorphous alumina (model #1 in Table 3 ). The fitted parameters are listed in Table 3 and are plotted in Fig. 2 . However, a dust composed of 70 % Al 2 O 3 + 30 % W-S (model #4), or dust including some iron (model #5), are also statistically consistent with our observations. Consequently, we chose to take as final parameters and uncertainties the average values and standard deviations (including their own statistical errors added quadratically) between models #1, #4, and #5. The final adopted parameters are listed in Table 4 . It is worth mentioning that for these models all parameters have the same order of magnitude. The error on the stellar angular diameter was estimated from the luminosity and distance uncertainties. The CSE of X Sgr is optically thin (τ 0.55µm = 0.0079 ± 0.0021) and has an internal shell diameter of θ in = 15.6±2.9 mas. The condensation temperature we found is in the range of what is expected for this dust composition (1200-1900 K). The stellar angular diameter (and in turn the luminosity) is also consistent with the value estimated from the surface-brightness method at that pulsation phase (Storm et al. 2011, 1 .34 ± 0.03 mas) and agrees with the average diameter measured by Kervella et al. (2004, 1 .47 ± 0.03 µm). The relative CSE excess in the VISIR PAH1 filter of 13.3 ± 0.5 % also agrees with the one estimated by Gallenne et al. (2011, 11 .7 ± 4.7 %). Our derived color excess E(B − V) is within 1σ of the average value 0.227 ± 0.013 estimated from photometric, spectroscopic, and space reddenings (Fouqué et al. 2007; Benedict et al. 2007; Kovtyukh et al. 2008 ).
T Mon
The CSE around this Cepheid has a stronger contribution than X Sgr. The large excess around 8 µm enables us to exclude a CSE composed of 100 % Al 2 O 3 , because of its low efficiency in this wavelength range. We first considered dust composed of iron. However, other species probably contribute to the opacity enhancement. As showed in Fig. 3 , a 100 % Fe dust composition is not consistent with our observations. We therefore used a mixture of W-S, Al 2 O 3 and Fe to take into account the optical efficiency at all wavelengths. The best model that agrees with the visibility profile and the SED is model #5, including 90 % Fe + 5 % Al 2 O 3 + 5 % W-S. The fitted parameters are listed in Table 3 and are plotted in Fig. 3 . However, because no specific dust features are present to constrain the models, other dust compositions are also consistent with the observations. Therefore we have chosen the average values and standard deviations (including their own statistical errors added quadratically) between models #2, #4 and #5 as final parameters and uncertainties. The final adopted parameters are listed in Table 4 .
The choice of a stellar temperature at φ = 0.33 or 0.12 in the fitting procedure (instead of an average pulsation phase as cited in Sect. 3.1) changes the derived parameters by at most 10 % (the variation of the temperature is lower in the mid-IR). To be conservative, we added quadratically this relative error to all parameters of Table 4 .
The CSE of T Mon appears to be thicker than that of X Sgr, with (τ 0.55µm = 0.151 ± 0.042), and an internal shell diameter of θ in = 15.9 ± 1.7 mas. The derived stellar diameter agrees well with the 1.01 ± 0.03 mas estimated by Storm et al. (2011, at φ = 0.22) . The deduced color excess E(B − V) agrees within 1σ with the average value 0.181±0.010 estimated from photometric, spectroscopic and space reddenings (Fouqué et al. 2007; Benedict et al. 2007; Kovtyukh et al. 2008 ). We derived a particularly high IR excess in the VISIR PAH1 filter of 87.8 ± 9.9 %, which might make this Cepheid a special case. It is worth mentioning that we were at the sensitivity limit of MIDI for this Cepheid, and the flux might be biased by a poor subtraction of the thermal sky background. However, the clear decreasing trend in the visibility profile as a function of wavelength cannot be attributed to a background emission, and we argue that this is the signature of a CSE. In Sect. 5 we make a comparative study to remove the thermal sky background and qualitatively estimate the unbiased IR excess. Table 4 . Final adopted parameters.
X Sgr
T Mon L (L ) 2155 ± 58 11 446 ± 1486 T eff (K) 5900 5200 θ LD (mas)
1.24 ± 0.14 0.94 ± 0.11
15.6 ± 2.9 15.9 ± 1.7 τ 0.55µm (×10 −3 ) 7.9 ± 2.1 151 ± 42
13.3 ± 0.7 87.8 ± 9.9 * Notes. Averaged parameters from the fitted models. See Sect. 3 for more details.
(*) This value is likely to be biased by the sky background (see Sect. 5). Gallenne et al. (2011) presented a probable correlation between the pulsation period and the CSE relative excess in the VISIR PAH1 filter. From our fitted DUSTY model, we estimated the CSE relative excess by integrating over the PAH1 filter profile. This allowed us another point of view on the trend of this correlation.
Period-excess relation
Article number, page 5 of 9 A&A proofs: manuscript no. 22257main Table 3 . The fit model parameters. X Sgr was part of the sample of Gallenne et al. (2011) and can be directly compared with our result, while T Mon is a new case. This correlation is plotted in Fig. 4 , with the measurements of this work as red triangles. The IR excess for X Sgr agrees very well with our previous measurements (Gallenne et al. 2011 ). The excess for T Mon is extremely high, and does not seem to follow the suspected linear correlation. Fig. 4 shows that longer-period Cepheids have higher IR excesses. This excess is probably linked to past or ongoing massloss phenomena. Consequently, this correlation shows that longperiod Cepheids have a larger mass-loss than shorter-period, less massive stars. This behavior might be explained by the stronger velocity fields in longer-period Cepheids, and the presence of shock waves at certain pulsation phases (Nardetto et al. 2006 (Nardetto et al. , 2008 . This scenario is consistent with the theoretically predicted range, 10 −10 -10 −7 M yr −1 , of Neilson & Lester (2008) , based on a pulsation-driven mass-loss model. Neilson et al. (2011) also found that a pulsation-driven mass-loss model combined with moderate convective-core overshooting provides an explanation for the Cepheid mass discrepancy, where stellar evolution masses differ by 10-20 % from stellar pulsation calculations.
Model
We fitted the measured mi-IR excess with a linear function of the form f 8.6 µm = α 8.6 µm P, with f in % and P in day. We used a general weighted leastsquares minimization, using errors on each measurements as weights . We found a slope α 8.6 µm = 0.83 ± 0.04 %.d 
Discussion
Since the first detection around Car , CSEs have been detected around many other Cepheids (Gallenne et al. 2011; Mérand et al. 2007 Mérand et al. , 2006 . Our works, using IR and mid-IR high angular resolution techniques, lead to the hypothesis that all Cepheids might be surrounded by a CSE. The mechanism for their formation is still unknown, but it is very likely a consequence of mass loss during the pre-Cepheid evolution stage or during the multiple crossings of the instability strip. The period-excess relation favors the last scenario, because long-period Cepheids have higher masses and cross the instability strip up to three times.
Other mid-and far-IR extended emissions have also been reported by Barmby et al. (2011) around a significant fraction of their sample (29 Cepheids), based on Spitzer telescope observations. The case of δ Cep was extensively discussed in Marengo et al. (2010b) . From IRAS observations, Deasy (1988) also detected IR excesses and estimated mass-loss rate ranging from 10 −10 to 10 −6 M yr −1 . The values given by our DUSTY models agree. They are also consistent with the predicted massloss rate from Neilson & Lester (2008) , ranging from 10 −10 to 10 −7 M yr −1 . These CSEs might have an impact on the Cepheid distance scale through the photometric contribution of the envelopes. While at visible and near-IR wavelengths the CSE flux contribution might be negligible (< 5 %), this is not the case in the mid-IR domain (see Kervella et al. 2013 , for a more detailed discussion). This is particularly critical because near-and mid-IR P-L relation are preferred due to the diminished impact of dust extinction. Recently, Majaess et al. (2013) re-examined the 3.6 and 4.5 µm Spitzer observations and observed a nonlinear trend on the period-magnitude diagrams for LMC and SMC Cepheids. They found that longer-period Cepheids are slightly brighter than short-period ones. This trend is compatible with our period-excess relation observed for Galactic Cepheids. Monson et al. (2012) derived Galactic P-L relations at 3.6 and 4.5 µm and found a strong color variation for Cepheids with P > 10 days, but they attributed this to enhanced CO absorption at 4.5 µm. From their light curves, we estimated the magnitudes expected at our observation phase for X Sgr and T Mon (using the ephemeris from Samus et al. 2009 ) to check the consistency with the values given by our DUSTY models (integrated over the filter bandpass). For X Sgr, our models give averaged magnitudes m 3.6 µm = 2.55 ± 0.06 and m 4.5 µm = 2.58 ± 0.05 (taking into account the 5 % flux variations of Sect. 2.3), to be compared with 2.54 ± 0.02 and 2.52 ± 0.02 from Monson et al. (2012) . For T Mon, we have m 3.6 µm = 2.94 ± 0.14 and m 4.5 µm = 2.94 ± 0.14 from the models (taking into account the 8 % flux variations of Sect. 2.3 and a 10 % flux error for the phase mismatch), to be compared with 3.29±0.08 and 3.28±0.05 (with the rms between phase 0.12 and 0.33 as uncertainty). Our estimated magnitudes are consistent for X Sgr, while we differ by about 2σ for T Mon. As we describe below, we suspect a sky background contamination in the MIDI data. The estimated excesses from the model at 3.6 and 4.5 µm are 6.0 ± 0.5 % and 6.3 ± 0.5 % for X Sgr, and 46 ± 5 % and 58 ± 6 % for T Mon (errors estimated from the standard deviation of each model). This substantial photometric contribution probably affects the Spitzer/IRAC P-L relation derived by Monson et al. (2012) and the calibration of the Hubble constant by Freedman et al. (2012) .
We also compared our models with the Spitzer 5.8 and 8.0 µm magnitudes of Marengo et al. (2010a) which are only available for T Mon. However, their measurements correspond to the pulsation phase 0.65, so we have to take a phase mismatch into account. According to the light curves of Monson et al. (2012) , the maximum amplitude at 3.6 and 4.5 µm is decreasing from 0.42 to 0.40 mag, respectively. As the light curve
Conclusion
Based on mid-IR observations with the MIDI instrument of the VLTI, we have detected the circumstellar envelope around the Cepheids X Sgr and T Mon. We used the numerical radiative transfer code DUSTY to simultaneously fit the SED and visibility profile to determine physical parameters related to the stars and their dust shells. We confirm the previous IR emission detected by Gallenne et al. (2011) for X Sgr with an excess of 13.3 %, and we estimate a ∼ 19 % excess for T Mon at 8 µm.
As the investigation of the dust content and the dust grains geometrical properties are limited by a high level of degeneracy, we restricted ourselves to typical dust composition for circumstellar environment. We found optically thin envelopes with an internal dust shell radius in the range 15-20 mas. The relative CSE excess seems to be significant from 8 µm (> 10 %), depending on the pulsation period, while for shorter wavelengths, the photometric contribution might be negligible. Therefore, the impact on the K-band P-L relation is low ( 5 %), but it is considerable for the mid-IR P-L relation (Ngeow et al. 2012; Monson et al. 2012) , where the bias due to the presence of a CSE can reach more than 30 %. Although still not statistically significant, we derived a linear period-excess relation, showing that longerperiod Cepheids exhibit a higher IR excess than shorter-period Cepheids.
It is now necessary to increase the statistical sample and investigate whether CSEs are a global phenomena for Cepheids. Interferometric imaging with the second-generation instrument VLTI/MATISSE (Lopez et al. 2006) will also be useful for imaging and probing possible asymmetry of these CSEs.
